It has been shown that the condition of the blood pressure is one of the factors that determine the secretion of urine and that a marked fall in blood pressure is usually associated with decreased elimination of urine. The action of calcium chloride in markedly diminishing the secretion of urine has been attributed by Porges and Pribram (I) to the fall of blood pressure which follows the intravenous injection of calcium chloride solutions. They have shown that the infusion of calcium chloride in a quantity sufficient to diminish the amount of urine is always associated with a fall of blood pressure, whereas the secretion of urine is not affected when calcium chloride is infused in smaller quantities which are insufficient to affect the blood pressure. The rise in blood pressure caused by adrenalin has been considered by Houghton and Merrill (2) and Pick and Pineles (3) to account, at least in part, for the diuresis produced by this substance.
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In the following experiments it was our intention to determine the role played by the blood pressure in the production of urine, peritoneal transudate and intestinal fluid under the conditions of our previously published experiments (Studies in Edema (4) (5) (6) . In order to determine this point we studied the blood pressure of rabbits infused with o.85 per cent. sodium chloride solution and with mixtures of one part of 1.22 per cent. calcium chloride ' Received for publication May 24, 1909. 641 solution and four parts of 0.85 per cent. sodium chloride solution with and without the addition of adrenalin, and of rabbits in which a myocarditic lesion had been produced experimentally. The carotid artery which was connected with a mercury manometer was used for measuring the blood pressure. The technique, in regard to infusion, etc., was the same as that described in our first communication.
ANIMALS INFUSED WITH SODIUM CHLORIDE SOLUTIONS.
Cohnheim and Lichtheim (7) who infused large quantities of hypotonic salt solution intermittently into rabbits, found no permanent rise of blood pressure, although during the time of infusion there was a slight rise of pressure followed by a quick return to the normal. Our experiments were on the whole in full agreement with these; after from 20 to 50 c.c. of normal salt solution had been infused, there was a slight rise of blood pressure of from 8 to 20 mm. of mercury. Very soon after this maximum had been reached the blood pressure began to fall and at the time when from 200 to 300 c.c. of fluid had flowed in had again reached its original height or remained slightly above it. From this time on the pressure continued at approximately the same level until from 700 to 800 c.c. had been infused when the experiment was interrupted. Usually the diuresis did not become marked until 300 to 400 c.c. of fluid had been infused; the early rise of blood pressure above noted is therefore not accompanied by an increase in diuresis.
The chart below shows the relation of the blood pressure to the secretion of urine when various amounts of sodium chloride solution had been infused.
ANIMALS INFUSED WITH MIXTURES OF SODIUM CHLORIDE AND CALCIUM CHLORIDE.
When mixtures of sodium chloride and calcium chloride were infused there was in the early period of the experiment quite a marked rise of blood pressure until approximately from i5o to 200 c.c. of fluid had been infused when the blood pressure began to fall rather rapidly. One typical curve showed after 400 c.c. had been infused a fall of blood pressure to a level considerably below the original pressure. During the infusion of 70 c.c. more the blood pressure fell quite sharply and this fall was followed by the death of the animal. The flow of urine reached its maximum after about 200 c.c. had been infused, and continued at approximately the same rate until 300 c.c. had flowed in; then simultaneously with the rapid fall in blood pressure almost total anuria developed so that during the inflow of the last I50 c.c. little or no urine was secreted. The amount of urine secreted under the influence of calcium chloride remains therefore low during the whole period, but rises to its maximum when 2oo or 300 c.c. have been infused, this maximum is diuresis corrcsponding to the preceding rise in blood pressure. But even at this period the diuresis is relatively slight, especially if we take into conlsideration the height of the blood pressure in the preceding period. We notice even during the period of the rise of the blood pressure a depressing effect of calcium chloride as far as diuresis is concerned. With the fall in blood pressure below the original level the secretion of urine ceases quite suddenly; that this is due not only to the fall of blood pressure but also to a direct action of calcium chloride upon the kidney will be shown below. The addition of adrenalin in the proportion of 1.5 c.c. of a I to Iooo solution of adrenalin to I,OOO c.c. of the sodium chloride solution caused an increase in the blood pressure which was already noticeable after 50 c.c. of fluid had been infused and was maintained until from 400 to 500 c.c. had flowed in, when the pressure again became approximately normal. From this time until the end of the experiment a constant level was maintained. Kretschmer (8) found that infusion of solutions of adrenalin in a dilution of I to IOO,OOO caused a rise of blood pressure amounting to from 30 to 45 mm. of mercury and that this rise continued during the entire time of infusion. He therefore made use of a solution much stronger than ours, the latter having approximately a strength of I to 600,000; furthermore, Kretschmer did not, as a rule, continue the infusion over as long a period as we did. These differences may account for the fact that he did not notice a return of the blood pressure to the original level at any time during the infusion.
In our experiments in which sodium chloride solution plus adrenalin was infused the diuresis began after an inflow of from IOO to 200 c.c. The addition of adrenalin hastened, therefore, the beginning of diuresis, and we notice a parallelism between the rise of blood pressure caused by the addition of adrenalin and the diuresis, the diuresis becoming more marked at a time when under the influence of adrenalin the blood pressure had reached its maximum. The secretion of urine reached its maximum after 300 c.c. to 400 c.c. had been infused and continued at about the same rate until the end of the experiment. If adrenalin is added to mixtures of sodium chloride and calcium chloride the blood pressure in the beginning is raised slightly higher than when adrenalin is added to a sodium chloride solution. The pressure is maintained at this high level until approximately 300 c.c. have flowed in; in the case of sodium chloride and calcium chloride mixtures the high pressure continues until 600 c,c. have been infused and thus the pressure remains higher with mixtures of sodium chloride and calcium chloride than with a sodium chloride solution, in the cases of the latter a fall of pressure to the normal taking place during the later period. After 600 c.c. of the mixture of sodium chloride and calcium chloride have flowed in a rapid fall in blood pressure takes place, this fall becoming still more abrupt after 700 c.c. of inflow and the fall continues until the animal dies. On the other hand when sodium chloride solution with adrenalin is infused the pressure continues at about the normal level during the corresponding period.
We find therefore a summation of the blood pressure raising properties of calcium chloride and of adrenalin, the effect of which is maintained almost until the conclusion of the experiment, but ultimately the calcium chloride, probably through weakening the action of the heart, causes the fall in blood pressure which the adrenalin cannot prevent. In spite of the marked rise in pressure which is being maintained over a considerable length of time the quantity of urine is constantly small during the whole experiment and falls to nil with the terminal fall of blood pressure. In rabbits with myocarditic lesions infused with sodium chloride solutions the blood pressure may be raised very slightly above its normal level in the beginning of the infusion until about 300 or 400 c.c. have flowed in. If there was a very marked myocarditic lesion present the blood pressure was never raised above its normal level during the infusion, but a continuous although very slight fall was noticeable, until 300 c.c. of fluid had been infused. Between 300 and 400 c.c. the fall was somewhat more marked and from 400 c.c. to almost 600 c.c. of the inflow there was a slight lowering of pressure followed by a sharp decline and the death of the animal. In experiments in which the lesion was not so extensive the fall of pressure was delayed until from 500 to 6oo c.c. had been infused. We see, therefore, that in these experiments there is a much more gradual fall of blood pressure than in cases in which calcium chloride had been added to the sodium chloride solution.
In animals with myocarditic lesions the secretion of urine was very slight at all times; it increased very slightly until the period of the abrupt fall in blood pressure, when the animal died. It must be borne in mind that the total amount of urine secreted by animals with myocarditic lesions was extremely small. The influence of blood pressure on the secretion of urine is noticeable in the following experiments. In animals with myocarditic lesions there is a constant gradual fall in blood pressure; correspondingly we find the secretion of urine to be insignificant but to rise slightly with the increased amount of fluid infused.
In the experiments in which mixtures of sodium chloride and calcium chloride were infused we found in the period between 20o and 300 c.c. of inflow a fair degree of diuresis following iimmediately upon a time when the blood pressure had been raised considerably. The sudden cessation of urine after 300 c.c. of fluid had been infused corresponds to the fall of blood pressure at this period, but is in all probability also influenced by a direct action of calcium chloride upon the secretory function of the kidney cells. That the lowering of the blood pressure in itself is not sufficient to explain the decreased diuresis becomes clear by comparing the pressure in animals infused with mixtures of sodium chloride and calcium chloride (Experiment III) with the blood pressure in an animal with myocarditic lesions (Experiment VI) at the same period.
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Although in the latter the blood pressure is considerably lower at this stage of the infusion urine is still secreted, while in the animal infused with a mixture of sodium chloride and calcium chloride notwithstanding the somewhat higher blood pressure, the flow of urine entirely ceases.
A relation between the increase in blood pressure and the increase in diuresis is also found in the experiments in which adrenalin is added to the solutions of sodium chloride. Here, simultaneously with the increased blood pressure, the diuresis is much increased over that noted in animals infused with sodium chloride solutions. Very interesting is the diuresis curve in animals infused with mixtures of sodium chloride and calcium chloride to which adrenalin has been added. In this case the blood pressure remains high until about 700 c.c. of fluid have flowed in and on the whole the pressure is higher than in experiments with pure sodium chloride solutions or sodium chloride solutions plus adrenalin. While in the two latter cases the diuresis is marked, and although in the former experiment the addition of adrenalin can for some time prevent the fall in blood pressure caused by calcium chloride, the depressing effect of calcium chloride on diuresis is not counteracted by adrenalin. In spite of the heightened blood pressure the secretion of urine remains constantly very low in animals infused with mixtures of sodium chloride and calcium chloride to which adrenalin has been added. These results seem to us to prove conclusively that calcium chloride does not diminish diuresis through its depressing action on the blood pressure but that it diminishes diuresis in some other way, independently of its action on blood pressure. This action of calcium chloride in diminishing the secretion of urine depends in all probability upon its direct action upon the secretory cells of the kidney. In the light of our results therefore the interpretation given originally by J. B. MacCallum () seems to be the most probable explanation for the action of calcium chloride.
INFLUENCE OF BLOOD PRESSURE ON THE PERITONEAL TRANSUDATE.
We found that myocarditic lesions which decreased the blood pressure did not materially influence the peritoneal transudate, which remained approximately the same as in normal animals infused with 64S sodium chloride solutions. That this similarity between the amounts of peritoneal transudate in animals with myocarditic lesions and in normal animals is not due to a compensatory increase of elimination of fluid into the peritoneal cavity as a result of the decrease of urine, is shown by the fact that the same similarity in the quantities of the peritoneal transudate exists also in nephrcctomized animals of these two series.
On the other hand, calcium chloride which decreases the blood pressure in the latter half of the infusion increases the peritoneal transudate. This increase cannot be due to a rise in blood pressure, but we must assume that calcium chloride causes an increase of peritoneal transudate either by a direct action on the endothelial cells of the peritoneum or by diminishing the absorption of water by other tissues.
Adrenalin, which causes an increase in blood pressure, also increases the peritoneal transudate. Whether this increase is due to the blood pressure raising action or some other action of adrenalin we cannot as yet determine.
We therefore can state that there does not exist a direct relation between the lowering of the blood pressure and peritoneal transudation as shown by the results of our experiments on animals with myocarditic lesions and with calcium chloride infusion. We cannot, however, at present exclude the possibility that a rise of blood pressure may lead to an increased transudation into the peritoneal cavity.
INFLUENCE OF BLOOD PRESSURE ON TIHE INTESTINAL FLUID.
No relation whatever can be found between the blood pressure and intestinal fluid. Myocarditic lesions which diminish the blood pressure leave the intestinal fluid practically unchanged. Adrenalin which raises the blood pressure certainly does not increase but rather diminishes it, and if calcium chloride diminishes the intestinal fluid, it does so evidently not by lowering the blood pressure, but in all probability through a direct action on the epithelial cells of the intestinal mucosa, an influence very similar to that exerted upon the renal cells.
INFLUENCE OF BLOOD PRESSURE ON THE DILUTION OF BLOOD.
In myocarditic lesions, although the fall of blood pressure does not influence the intestinal fluid or peritoneal transudate, we have shown 2 that there is noticeable an increased retention of fluid in the blood vessels which is, however, not very marked. This increase in the retention of fluid is probably due to the weakening of the heart action and to the lowering of the blood pressure.
In spite of the fall of pressure such an increased retention of fluid was, however, not noticeable in experiments in which calcium chloride was infused. In this case we must take into consideration the fact that in the early part of the experiment there is a rise of blood pressure and only in the later stages does the fall become marked.
On the other hand, we do not find that adrenalin, which in our experiments caused quite a decided rise in blood pressure, was accompanied by a noticeable decrease of the fluid retained in the blood vessels. This result seems to be contradictory to the findings of Hess (IO) and Erb (II), but we must consider that the conditions in the two sets of experiments are not directly comparable; both of these investigators injected large quantities of adrenalin into the circulation during a relatively short period, while in our experiments there was a constant inflow of a small quantity of adrenalin, which, however, was sufficient to cause a decided rise in blood pressure.
It seems, therefore, that increased blood pressure and filtration are of little importance in regulating the amount of fluid retained in the vascular system.
SUMMARY.
I. Direct measurements of the blood pressure carried out during the intravenous infusion of various solutions into rabbits show that although a relation between the height of blood pressure and secretion of urine may be noted, a direct relation does not exist between blood pressure and peritoneal transudate and intestinal fluid.
2. Calcium chloride does not increase the peritoneal transudate by a rise of blood pressure, nor does it decrease the intestinal fluid by a fall of blood pressure, since no such increase of peritoneal fluid nor decrease of intestinal fluid is noticeable in animals with myocarditic lesions which are infused with solutions of sodium chloride.
2See the preceding communication "Studies in Edema, IV." 3-It can be proved that calcium chloride does not diminish the amount of urine as a result of its depressing action on the blood pressure. Our experiments make it probable that calcium chloride decreases the diuresis by a direct action on the renal epithelium. 
